RECENT advances in the field of cardiac surgery require greater precision in the diagnosis of early ventricular hypertrophy. Although many electrocardiographic criteria are proposed for the diagnosis of ventricular hypertrophy, only a few articles discuss their accuracy. Most studies apply criteria to either left or right ventricular hypertrophy as found in proved hypertrophy, but sufficient studies of the occurrence of false positives are lacking. It is the object of this study to analyze various criteria for ventricular hypertrophy, as found in isolated hypertrophy and in normal hearts.
Method Five hundred and twelve consecutive cases autopsied between January 1954 and October 1956, at the City of Hope Medical Center, were studied. Excluded were eases under the age of 15, those in which an electrocardiogranm had not been taken within 3 months prior to death, and those with myoeardial infaretion, myocardial fibrosis, advanced coronary sclerosis, or definite evidence of myocardial bleeding. Sixty-five cases remained for this study. Thirty-two had anatomically normal hearts, 17 had isolated left ventricular hypertrophy, and 16 had isolated right ventricular hypertrophy (table 1) . The thickness of the ventricular wall was used as the indication of ventricular hypertrophy. According to Saphir, 15 the thickness of the normal left ventricular wall should not exceed 10 mm . and that of the normal right ventricular wall should not exceed 3 mm. We considered a heart as normal when the thickness of the left ventricle was 10 mm. or less and the thickness of the right ventricular wall was 3 mm. or less. We classified as isolated left ventricular hypertrophv a heart in which the thickness of the left ventricular wall was 13 mm. or more and the thickness of the right ventricular wall was 3 mm.
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Circulation, Volume XXI. March. 1960 or less. We used the term isolated right ventricular hypertrophy when the thickness of the right ventricular wall was 5 mm. or more and the thickness of the left ventricular wall was 10 mm. or less. All patients had electrocardiograms consisting of the standard limb leads, the augmented unipolar limb leads, the standard unipolar chest leads, (V1~6) and the right precordial leads V4R and V5]p.
A direct-writing electrocardiographic machine was utilized with routine standardization. Upward deflections were measured from the top of the base line to the peak of the upstroke, and downward deflections were measured from the bottolmi of the base line to the nadir of the downstroke. The T-P level was used as the base line; when tachycardia made it impossible to measure the correct T-P level, the P-R segment was used as the base line.
The time of onset of the intrinsicoid deflection in unipolar chest leads was measured from the beginning of the QRS to the top of the R, or to R,, if present. The criteria studied for left ventricular hypertrophy were those of Gubner and Ungerleider ;2 Katz ;3 Schach VI. N-oth, Myers, and Kleins a) Time interval from the onset of QRS to peak of R is 0.05 second or more in V5 and V6. b) Time interval from the onset of R to its peak is 0.04 second or more in V, and V6.
VII. Wilson and co-workers9-11 a) Absence of R wave or abnormally small R wave in V, (1 mm. or less). Abnormallv large S wave in V1 (24 mm. or more). b) Left shift of transitional zone. rNote: In our study this placed the transitional zone in V5 or V6.] c) Delay of peak of R in V5 and V6 (0.05 second or more). d) Abnormally tall R wave (33 mm. or more in V-, 26 mm. or more in V6). e) Inverted T wave in V3 and V6. with an R wave of 6.0 mm. or more in aVL or aVF and (1). 3. Voltage of R wave in aVL exceeds 10.0 mm. 4. Upright T wave in VR. In addition to these they found that the ratio of R/S in V, R/'S inV1was below 100 (mean 32.0) in normal cases, but found above 100 (mean 98.0) in 33 per cent of the cases of left ventricular hypertrophy in which this ratio could be determined. Therefore, we also added this ratio of above 100 into the criteria of Sokolow and Lyon. The term flat T was used when the amplitude of the T wave in lead I was 1 mm. or less, or R :T ratio was 10 or less in lead aVL, aVF, V4, V5, and V6.
The criteria for right ventricular hypertrophy studied were those of Sokolow and Lyon ;13 Myers, Klein, and Stofer;14 and Goldberger.6 B. Right Ventricular Hypertrophy I. Sokolow and Lyon13 a) Voltage of the R and S waves and various ratios: 1. The R wave in V1 is 7.0 mm. or more. 2. The S wave in V1 is less than 2.0 mm. 3. The S wave in V5 or V6 is 7.0 mm. or more.
4. The sum of the amplitudes of the R wave in V1 and the S wave in V5 and V6 exceeds 10.5 mm., in individuals over 5 years of age.
5. The R wave in V5 or V6 is less than 5.0 mm. 6. The ratio of the R to the S wave in V5 or V6 is 1.0 or less. 7 . The R wave in aV1p is 5.0 mm. or more. (table 14) a) Twelve positives were present among the 16 cases of right ventricular hypertrophy. b) Sixteen false positives were found in the 32 normal subjects. Table 6 Criteria of Goulder and Kissane for Left Ventricular Hypertrophy Electrocardiography is a diagnostic means to estimate a state of myocardium by analyzing the action current produced by heart muscle. Therefore, an electrocardiogram is an electrodynamic expression of the function of heart muscle, not a pathologic, static expression. Even the tension of the muscle fibers of the heart may change the electrocardiographic finldings.17 It is well known that there is a discrepancy between the anatomic position of the heart and the electrical axis of the heart defined by electrocardiograms.18 Therefore, some disagreement between anatomic and electrocardiographic findings is inevitable.
Compared to the days in which only the standard limb leads were used, the clinical application of the unipolar limb anid multiple for Left Veni- 2 14 chest leads imiade clinical electrocardiography much more accurate. Concomitantly, the accurate determination of ventricular hypertrophy has become important in clinical medicine. In advanced cases of ventricular hypertrophy, the diagnosis may be made easily by x-ray or by physical examination. In less advanced cases, however, which usually occur in the early stages of cardiovascular diseases, the accurate diagnosis of ventricular hypertrophy is often difficult by these means.
The electrocardiographic method has been used to detect early pathologic changes of myocardium. There are many criteria for the diagnosis of the ventricular hypertrophy proposed by different authors2-10, 12 V5 , and V6 over 0.5 mm. 5. Criterion 4 and flat, diphasic, or inverted T wave with, Rs pattern. 6. R/T ratio of more than 10 in leads V, and V6. 7. R/S in V5 ratio of more than 100. R/S in V1 Generally speaking, the changes of the RS-T segment and of the T wave show a high incidence of false positives when used as a criterion of left ventricular hypertrophy. Myocardial ischemia of varying etiology and electrolyte imbalance, which is observed in many Circulation, Volume XXI, March 1960 conditionis especially near termiinus, will be causes of this false positivity. In right ventricular hypertrophy, Walker 16 reported that they found only 23 per cent (5 of 22 cases) positivity using Sokolow and Lyon's criteria and 14 per cent (3 of 22 eases) positivity by using the criteria of Myers and his co-workers. They concluded that frequently the electrocardiogram will not be diagnostic in the presence of anatomic right ventricular hypertrophy.
In Goldberger 's criteria we included the item of atrial hypertrophy (0.11 second or more wide, 2.5 mm. or more tall) as one item of the criteria of right ventricular hypertrophy. If this is omitted, the positivity decreases markedly, as does the false positivity. Sokolow Myers' criteria show very few false positives, but the positivity for right ventrieu'ar hypertrophy is only 50 per cent. Applying these criteria, we strictly followed the criteria for incomplete right bundle-branch block proposed by him; so atypical incomplete right bundle-branch block such as rSr' pattern in the right-sided chest leads was not considered as significant.
If this kind of incomplete right bundlebranch block is considered as significant, their positivity increases to 88 per cent (14 of 16 cases), but the false positivities increase to 22 per cent (7 of 32 cases) in normal subjects, and 24 per cent (4 of 17 cases) in cases of left ventrieular hypertrophy. The reason for this is the heterogeneous origins for ineomplete right bundle-branch block as emphasized by Allenstein.19 Conclusions Several criteria for the diagnosis of left ventricular hypertrophy and right ventrieular hypertrophy were studied referring to positivity as well as false positivity.
Criteria for the diagnosis of left veintrieu-Jar hypertrophy proposed by Gubner, Ungerleider; Katz; Schach, Rosenbaum, and Katz;
Goulder and Kissane; and Noth, Myers, and Klein, showed a low incidence of positivity, under 50 per cent. The criteria of Wilson and co-workers, and Sokolow and Lyon, showed relatively high positivities, but they also had a high incidence of false positives. The reason for the high false positivities of these 2 criteria was evaluated.
The criteria for the diagnosis of right ventricular hypertrophy as proposed by Goldberger; Myers, Klein, and Stofer; and Sokolow and Lyon, were studied. They had a high Circulation, Volume XXI, March 1960 incidence of false positives and a poor incidence of positive correlation.
These findings indicate that great caution must be taken in applying these criteria in clinical practice.
Summario in Interlingua
Plure criterios electrocardiographic pro le diagniose de hypertrophia sinistro-ventricular e hypertrophia dextero-ventricular esseva studiate con attention prestate al procentages de positivitate si ben eomo de positivitate false.
Le criterios pro le diagnose de hypertrophia sinistro-ventricular proponite per 
